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(54) Continuously-variable-ratio belt drive assembly 

(57) The drive assembly has: an input member (10) 
and an intermediate shaft (11); an axial clutch device 
(20) for connecting the input member (10) and the inter- 
mediate shaft (11) in rotary manner; and a pulley (30) 
connected in rotary manner to the intermediate shaft 
(11) and defined by two half-pulleys (31, 32) movable 
axially with respect to each other and engaging a drive 
belt (33), the distance between the half-pulleys (31 , 32) 
determining the winding radius of the belt (33). A push 
member (40), movable axially along the intermediate 
shaft (11), between two limit positions, exerts thrust on 
the two half-pulleys (31 , 32) to determine, in direct rela- 
tion with its own axial position, the axial distance be- 
tween the two half-pulleys, and alternatively exerts 
thrust on the clutch device (20) to release the clutch de- 
vice when moved axially in the direction increasing the 
distance between the half-pulleys (31 , 32). A control de- 
vice (50) is also provided to vary, on command, the axial 
position of the push member (40). 
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Description 

[0001] The present invention relates to a continuous- 
ly-variable-ratio belt drive assembly. 
[0002] The present invention may be used to advan- 
tage, though not exclusively, on internal combustion en- 
gine motor vehicles, particularly low-power types such 
as micro- or so-called utility vehicles. 
[0003] In such vehicles, the velocity ratio between the 
engine and the wheels must be varied to adapt the out- 
put power of the engine to operating characteristics 
such as desired vehicle speed, vehicle load, etc. 
[0004] Consequently, such vehicles traditionally fea- 
ture, between the engine and the wheels, a drive com- 
prising a variable-speed belt drive and possibly also a 
centrifugal clutch device fitted between the input mem- 
ber and the intermediate shaft, and wherein the two 
shafts are engaged by greatly increasing engine speed, 
and the velocity ratio is varied as a function of ultimate 
engine speed. 

[0005] Known assemblies of this sort have the draw- 
back of being fairly rigid in terms of both engagement 
and velocity ratio variation, and of normally requiring a 
high engine speed to fully engage the clutch device, thus 
dissipating a considerable amount of energy. Moreover, 
engagement is invariably rough, thus resulting in dis- 
comfort to the user. 

[0006] It is an object of the present invention to elim- 
inate the aforementioned drawbacks by providing a con- 
tinuously-variable-ratio belt drive assembly wherein en- 
gagement of the clutch device is smooth and not nec- 
essarily produced by increasing engine speed, and 
wherein the velocity ratio in use is determined, not rigidly 
by the speed of the engine, but by an external control. 
[0007] It is a further object of the invention to provide 
a drive assembly having the above characteristics, and 
which is also designed to afford substantial advantages 
in terms of maintenance and operation of the assembly 
itself. 

[0008] These and other objects are achieved by the 
present invention as characterized in the accompanying 
Claims. 

[0009] A non-limiting embodiment of the invention will 
be described by way of example with reference to the 
accompanying drawings, in which: 

Figure 1 shows an axial section of the assembly; 
Figure 1 A shows an enlarged detail of Figure 1; 
Figure 2 shows a section along line ll-ll in Figure 1 ; 
Figure 3 shows a section along line Ill-ill in Figure 1 ; 
Figure 4 shows an enlarged detail of Figure 1 A rel- 
ative to an alternative embodiment of pin 43. 

[0010] The assembly shown is fitted to an input mem- 
ber 1 0 (e.g. the drive shaft flywheel) powered by the ve- 
hicle engine, having an axis A, and connectable for ro- 
tation to an intermediate shaft 11 by means of a clutch 
device 20. More specifically, intermediate shaft 11 isco- 
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axial with input member 1 0, and has a first end 1 1 ' facing 
and connected to one end of input member 10 by clutch 
device 20, which is normally in the engaged configura- 
tion. 

5 [001 1 ] A pulley 30 is fitted for rotation to intermediate 
shaft 1 1 , and is defined by two half -pulleys 31 , 32, which 
are movable axially with respect to each other, engage 
a drive belt 33, and the distance between which deter- 
mines the winding radius of belt 33 about pulley 30. The 

10 assembly comprises a casing 1 4 housing clutch device 
20; pulley 30 is located outside casing 1 4; and interme- 
diate shaft 1 1 is inserted inside and supported by a fixed 
sleeve 13 connected integrally to casing 14 and fitted 
through a seat 1 5 formed through the wall of the casing. 

15 [0012] Sleeve 1 3 comprises a first portion 1 3' project- 
ing inside casing 1 4 and having a smooth cylindrical out- 
er surface; and a second portion 1 3" projecting outwards 
of casing 14. 

[0013] Both ends of shaft 11 project from sleeve 13; 
20 a first end 1 1 ' projects from first portion 1 3* and is located 
close to input member 1 0; and a second end 1 1 " projects 
from second portion 13" and rotates pulley 30. 
[0014] More specifically, half-pulley 31 is fitted inte- 
grally to second end 1 1 " of intermediate shaft 1 1 ; where- 
as as half-pulley 32 is located closer to the center portion 
of shaft 11 and is movable axially while rotating with 
shaft 11. 

[0015] The active inner surfaces 31 a and 32a of half- 
pulleys 31 and 32 are truncated-cone-shaped, diverge 
30 outwards, and engage drive belt 33. Since the section 
of belt 33 is practically undeformable, the radial position 
of the belt section and, hence, the winding radius of belt 
33 about the pulley can be varied by varying the distance 
between surfaces 31a and 32a. 
35 [0016] Belt 33 also extends about a known driven pul- 
ley (not shown) for rotating a driven shaft, and which is 
also defined by two half-pulleys movable axially to and 
from each other to complement the movement of half- 
pulleys 31 and 32 and so keep belt 33 (which is inex- 
40 tensible) taut. 

[0017] More specifically, pulley 30 comprises a main 
hub 35, to which half-pulleys 31 and 32 are fitted, and 
which is fitted coaxially to and supported on the outer 
surface of second portion 1 3" of sleeve 1 3 so as to rotate 
45 idly (by means of bearings 35a). 

[0018] Hub 35 is connected integrally to second end 
11" of intermediate shaft 11 and to the outer half-pulley 
31 ; whereas the inner half-pulley 32 has a hub 36 of its 
own, which is fitted to hub 35 by means of teeth and 
50 respective axial grooves allowing hub 36 to move axially 
with respect to, while being rotated by, hub 35. 
[0019] Clutch device 20 comprises a disk 21 fitted to 
first end 11' of shaft 11 and supporting two peripheral 
elements 22, which form an annular rim of high-friction 
55 material, and are housed between two opposite, also 
annular, jaws 23 and 24. Both jaws 23 and 24 are fitted 
to and rotate integrally with input member 10, jaw 23 
being axially fixed, and jaw 24 being allowed small axial 
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movements. Jaw 24 is enclosed in an annular housing 
25 made of shaped sheet metal, fixed to the periphery 
of fixed jaw 23, and to which jaw 24 is connected in ax- 
ially movable manner. Jaw 24 is normally pushed to- 
wards jaw 23 by an annular leaf spring 26 fitted to hous- 
ing 25 and which acts on the back of jaw 24 (like a Bel- 
leville washer). A number of radial projections 27. extend 
from spring 26 towards the center, are formed in one 
piece with the spring, and the free ends of which are 
located close to intermediate shaft 1 1 . 
[0020] Spring 26 normally holds jaws 23 and 24 
against annular rim 22, so that it rotates integrally, and 
clutch device 20 is therefore set to the engaged config- 
uration (in which input member 10 rotates intermediate 
shaft 11). 

[0021] Sleeve 13, in particularthe outersurface of first 
portion 13', is fined with a push member 40 movable ax- 
ially along intermediate shaft 11 between two limit posi- 
tions. Push member 40 exerts thrust on movable half- 
pu Hey 32 to determine the axial distance between half- 
pulleys 31 and 32 in direct relation to its own axial posi- 
tion, or acts on clutch device 20 to release it when 
moved axially in the direction (towards input member 
10) increasing the distance between half-pulleys 31 and 
32. 

[0022] More specifically, push member 40 comprises 
an annular body 41 fitted coaxially to sleeve 13, sliding 
along the outer surface of first portion 13', and having a 
radial flange 42 supporting a number of projecting cylin- 
drical pins 43, which are parallel to axis A, extend to- 
wards pulley 30, are fitted to size and in sliding manner 
through respective holes 14a in casing 14, and the re- 
spective free ends of which project from casing 14 to 
exert thrust on movable half-pulley 32. More specifically, 
the free ends of pins 43 rest on a ring 46 fitted, to hub 
36 of movable half-pulley 32 via the interposition of an 
antifriction bearing 47. 

[0023] The end of annular body 41 facing input mem- 
ber 10 is fitted, via the interposition of an antifriction 
bearing 45, with a ring 44 for axially engaging the free 
ends of radial projections 27 of clutch device 20 to re- 
lease the clutch device. 

[0024] When annular body 41 is moved axially to- 
wards input member 10 so that the ends of projections 
27 are moved accordingly with respect to their normal 
position, projections 27 act as levers which, pivoting 
about the point of connection to housing 25, deform 
spring 26 to detach the spring from movable jaw 24 so 
that jaws 23 and 24 are no longer integral with disk 21 . 
[0025] When push member 40 is moved axially to- 
wards second end 11" of shaft 11 (rightwards in Figure 
1), the distance between half-pulleys 31 and 32 is re- 
duced and the winding radius of belt 33 is increased. 
And, conversely, when push member 40 is moved axi- 
ally towards first end 11* (leftwards), the distance be- 
tween half-pulleys 31 and 32 is increased and the wind- 
ing radius of belt 33 is reduced. 

[0026] Push member 40 is movable axially between 



a first limit position corresponding to maximum travel of 
the push member towards first end 11' of shaft 11, and 
a second limit position corresponding to maximum travel 
of the push member towards second end 1 1 and is so 

5 related geometrically to pulley 30 and clutch device 20 
that the axial position of push member 40 with respect 
to intermediate shaft 11 determines the distance be- 
tween half-pulleys 31 and 32, so that, in the first limit 
position (elements 44, 26, 27, 40 shown by the dot-and- 

10 dash lines in Figure 1A), the push member releases 
clutch device 20 and produces the maximum distance 
between half-pulleys 31 and 32, and, in the second limit 
position (movable half-pulley 32 and belt 33 shown by 
the dot-and-dash lines in Figures 1 and 1A), the push 

15 member produces the minimum distance between half- 
pulleys 31 and 32 and engages clutch device 20. 
[0027] More specifically, in the first limit position, push 
member 40 is detached from movable half-pulley 32, 
which thus moves the maximum distance from half-pul- 

20. ley 31 ; and, when moved slightly rightwards from the 
first limit position, the push member contacts movable 
half -pulley 32. 

[0028] The invention also comprises a control device 
50 for determining, on command, the axial position of 

25 push member 40 along sleeve 13. More specifically, 
push member 40 is activated by a lever 51 hinged to 
casing 14 of the drive assembly, and the bottom portion 
of which comprises two arms 51a, the ends of which in- 
side casing 1 4 support two cylindrical projections 52 en- 

30 gaging a track 53 formed on annular body 41 . 

[0029] The top portion 51 b of lever 51 is located out- 
side casing 14 and connected to control device 50, 
which provides for controlling the angular position of le- 
ver 51 and, via lever 51, the axial position of annular 

35 body 41 . The control device may be defined by a linear 
actuator or other devices, e.g. may be operated manu- 
ally, electrically, hydraulically, etc., providing it moves 
annular body 41, on command, into any axial position 
between said two limit positions. 

40 [0030] By means of control device 50, the axial posi- 
tion of member 40 can be controlled as required. 
[0031] In actual use, push member 40 is initially set 
to the first limit position acting on clutch device 20, and 
wherein input member 10 and shaft 11 are disconnect- 

45 ed, half-pulleys 31 and 32 are the maximum distance 
apart so that belt 33 is the minimum distance from axis 
A, and the vehicle engine is disconnected from the 
wheels (is in neutral) so that the vehicle is stationary. 
[0032] Conversely, when push member 40 is moved 

50 towards second end 1 1 " (rightwards) by control device 
50, clutch device 20 first engages gradually to connect 
the wheels and the engine gradually while the engine is 
(advantageously) at low speed. As push member 40 
continues moving, following engagement of the clutch 

55 device, half-pulleys 31 and 32 are gradually brought 
closer together so as to accordingly increase the wind- 
ing radius of belt 33 with respect to axis A, and so in- 
crease the velocity ratio (and the rotation speed of the 
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driven pulley, for a given engine speed) to a maximum 
value by the time push member 40 reaches the second 
limit position. 

[0033] Conversely, as push member 40 is restored to 
the first limit position, the velocity ratio (and hence ve- 5 
hide speed) is reduced, and, on reaching the minimum 
velocity ratio, clutch device 20 is released (typically, at 
minimum engine speed) and the vehicle stops. 
[0034] In each case, each axial position of member 
40 corresponds, biuniquely and according to a continu- 10 
ous linear function, to a given velocity ratio; and the 
clutch device is advantageously engaged and released 
at minimum engine speed. 

[0035] Controlling the axial position of member 40 as 
required by means of control device 50, the assembly 15 
according to the invention provides for extremely flexible 
velocity ratio control, regardless of engine speed. In par- 
ticular, the velocity ratio may be controlled as required 
to selectively adapt vehicle performance to the engine, 
load or road conditions. Moreover, a major advantages 20 
lies in the clutch device being engaged and released at 
minimum engine speed. 

[0036] Control device 50 may typically comprise 
hand- or pedal-operated means for moving member 40 
(manual transmission). 25 
[0037] A major design advantage of the assembly ac- 
cording to the invention lies in pulley 30 being located 
outside, and supported in projecting manner with re- 
spect to, casing 14, thus providing for troublefree in- 
spection and also simplifying maintenance and part re- 30 
placements, particularly of the belt. 
[0038] Belt 33 is also well ventilated, thus extending 
its working life. 

[0039] Pins 43 may conveniently be located some dis- 
tance from axis A, so as to balance as far as possible 35 
the eccentric axial thrust of belt 33 axially affecting mov- 
able half -pulley 32. Projections 52 are also appropriately 
located beneath axis A for the same reason. 
[0040] in the alternative embodiment shown in Figure 
4, pins 43 provide for transmitting to movable half-pulley 40 
32 a rigid movement in the direction reducing the dis- 
tance between movable half-pulley 32 and fixed half- 
pulley 31 , and a rigid movement, but with an elastic por- 
tion, in the direction increasing the distance between 
movable half-pulley 32 and fixed half-pulley 31 , so as to 45 
allow extra travel of member 40 to release and engage 
device 20, 

[0041] More specifically, each pin 43 has a cylindrical 
inner chamber 61 housing an axial rod 62, the inner end 
of which is fitted with a body 63 sliding axially inside 50 
chamber 61 . Rod 62 projects from the front end of pin 
43 through a hole 64 smaller in diameter than chamber 
61 ; the outer end 62* of rod 62 is fixed integrally to ring 
46, which rests, axially retained in both directions, on 
bearing 47; and chamber 61 houses a spring 65 55 
precompressed between body 63 and the front-end wall 
of pin 43 in which hole 64 is formed. 
[0042] When push member 40 is moved (rightwards) 



towards second end 1 1 " of shaft 1 1 , pins 43 push mov- 
able half-pulley 32 rigidly in the direction reducing the 
distance between movable half-pulley 32 and fixed half- 
pulley 31 . Conversely, when push member 40 is moved 
in the opposite direction (leftwards), pins 43 pull mova- 
ble half-pulley 32, practically rigidly (by virtue of the 
preload of spring 65), in the direction increasing the dis- 
tance between movable half-pulley 32 and fixed half- 
pulley 31 . As movable half-pulley 32 reaches the maxi- 
mum possible distance from fixed half-pulley 31 , how- 
ever, spring 65 can be compressed to allow further travel 
of member 40 leftwards to release clutch device 20 (or 
rightwards to engage clutch device 20). 
[0043] By means of this solution, member 40 pro- 
vides, not only for positively bringing together, but also 
positively parting half-pulleys 31 and 32. For example, 
in the event the drive is suddenly arrested with the half- 
pulleys relatively far apart, the drive would have to be 
put through at least a few revolutions at the next start- 
up to release the movable half-pulley 32 locked by the 
asymmetrical thrust of belt 33. With the above solution, 
however, the distance between the half-pulleys is re- 
duced positively, and therefore in controlled manner at 
all times, by the movement of member 40. 
[0044] Any problems caused by slippage of the mov- 
able half-pulley, due to wear, dirt, etc., are also solved. 
[0045] Clearly, changes may be made to invention as 
described and illustrated herein without, however, de- 
parting from the scope of the accompanying Claims. 



Claims 

1. A continuously-variable-ratio belt drive assembly 
comprising: 

an input member (1 0) and an intermediate shaft 
(11); 

an axial clutch device (20) for connecting the 
input member (10) and the intermediate shaft 
(11) in rotary manner; and 
a pulley (30) connected in rotary manner to the 
intermediate shaft (1 1 ) and defined by two half- 
pulleys (31 , 32) movable axially with respect to 
each other and engaging a drive belt (33); the 
distance between the half-pulleys (31, 32) de- 
termining the winding radius of the belt (33); 

characterized by also comprising: 

a push member (40) movable axially, along the 
intermediate shaft (11), between two limit posi- 
tions, and which exerts thrust on the two half- 
pulleys (31, 32) to determine, in direct relation 
with its own axial position, the axial distance be- 
tween the two half-pulleys, and which alterna- 
tively exerts thrust on the clutch device (20) to 
release the clutch device when moved axially 
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in the direction increasing the distance between 
the half-pulleys (31 , 32); and 
a control device (50) for varying, on command, 
the axial position of the push member (40). 

5 

A drive assembly as claimed in Claim 1 , character- 
ized by comprising: 

a casing (14) enclosing the clutch device, 7. 
whereas the pulley (30) is located outside the to 
casing; 

a sleeve (13) fixed to the casing (14) and sup- 
porting the intermediate shaft (11) inserted co- 
axially inside the sleeve with both ends project- 
ing outwards of the sleeve (13), a first end (11 ') is 
being housed inside the casing (14) and facing 
the input member (10), and a second end (11") 
being located outside the casing (14) and rotat- 
ing with said pulley (30); 

said push member (40) being located on, and 20 
being movable coaxially with respect to, the 
sleeve (13). 

8. 

A drive assembly as claimed in Claim 2, character- 
ized in that: 25 

said sleeve (13) comprises a first portion pro- 
jecting inside the casing (14) and having a cy- 
lindrical outer surface; 

said push member (40) comprises an axially 30 
annular body (41), which is coaxial with the 9. 
sleeve (13), slides on the outer surface of the 
first portion of the sleeve (13), and supports a 
number of projecting pins (43) parallel to the ax- 
is (A) : extending towards the pulley (30), and 35 
the free ends of which are located outside the 
casing (14) and exert thrust on the movable 
half-pulley (32). 

A drive assembly as claimed in Claim 3, character- 40 
ized in that the end of the annular body (41 ) facing 10. 
the input member (1 0) is fitted, via the interposition 
of an antifriction bearing (45), with a ring (44) which 
axially engages the free ends of radial projections 
(27) of the clutch device (20) to release the clutch *s 
device. 



portion (13") projecting outwards of the casing (14); 
and the pulley (30) comprises a hub (35), which is 
fitted coaxially to the outer surface of, and support- 
ed by, the second portion (13") of the sleeve (13), 
and in turn supports the half-pulleys (31 , 32); said 
hub (35) being connected integrally to the second 
end (11") of the intermediate shaft (11). 

A drive assembly as claimed in Claim 1 , character- 
ized in that said push member (40) is so related 
geometrically to the pulley (30) and to the clutch de- 
vice (20) that the axial position of the push member 
with respect to the intermediate shaft (11) deter- 
mines the distance between the half-pulleys (31, 
32), so that, in a first limit position, the push member 
(40) releases the clutch device (20) and produces 
the maximum distance between the half-pulleys 
(31, 32), and, in a second limit position, the push 
member produces the minimum distance between 
the half-pulleys (31 , 32), the clutch device (20) be- 
ing engaged. 

A drive assembly as claimed in Claim 1 , character- 
ized in that the intermediate shaft (11) is coaxial 
with the input member (10), and has a first end con- 
nected to the input member (10) by the clutch de- 
vice (20); and the clutch device (20) is normally en- 
gaged, and is released by an axial movement of the 
push member (40) towards the input member (10). 

A drive assembly as claimed in Claim 8, character- 
ized in that said pulley (30) comprises a half-pulley 

(31) integral with the intermediate shaft (11) and fit- 
ted to the second end (11") of the intermediate shaft, 
and a half-pulley (32) movable axially along the in- 
termediate shaft (11 ); said push member (40) being 
brought into contact with the movable half-pulley 

(32) when moved away from the first limit position, 
the clutch device (20) being engaged. 

A drive assembly as claimed in Claim 9, character- 
ized in that said push member (40) is activated by 
a lever (51) hinged to the casing (14) and having 
one end outside the casing (14). 



5. A drive assembly as claimed in Claim 3, character- 
ized in that said pins (43) transmit to the movable 
half-pulley (32) a rigid movement in the direction re- so 
ducing the distance between the movable half -pul- 
ley and the fixed half-pulley (31), and a rigid move- 
ment, but with an elastic portion, in the direction in- 
creasing the distance between the movable half- 
pulley and the fixed half-pulley (31). 55 

6. A drive assembly as claimed in Claim 2, character- 
ized in that said sleeve (13) comprises a second 
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